P eripheral arterial disease is most commonly caused by atherosclerosis and is a sign that widespread atherosclerotic vascular disease is present. Patients with peripheral arterial disease have a risk of myocardial infarction, stroke, or death from cardiovascular causes that is three times as high as persons without peripheral arterial disease. 1,2 Antiplatelet therapy reduces the incidence of major cardiovascular events in patients with peripheral arterial disease. 3 Oral anticoagulant agents, with or without antiplatelet therapy, reduce the rate of major cardiovascular events in patients with coronary artery disease. The American College of Cardiology and the American Heart Association consider oral anticoagulation in combination with aspirin to be an appropriate alternative to aspirin alone in patients who have had a myocardial infarction with ST elevation. 4-7 Information regarding the efficacy and safety of oral anticoagulation, with or without antiplatelet therapy, in patients with peripheral arterial disease is limited. 8 We therefore conducted a randomized trial to determine whether oral anticoagulation (target international normalized ratio [INR] , 2.0 to 3.0) in combination with antiplatelet therapy is superior to antiplatelet therapy alone in patients with peripheral arterial disease.
Me thods

Study design
We conducted this randomized, open-label, clinical trial at 80 centers in Canada, Poland, Hungary, Ukraine, China, the Netherlands, and Australia. Details of the study design have been published previously. 8 The study was coordinated by the Population Health Research Institute at McMaster University in Hamilton, Ontario, Canada. The protocol was approved by the ethics review boards of all participating institutions, and all patients provided written informed consent.
The Warfarin Antiplatelet Vascular Evaluation (WAVE) trial was sponsored by the Canadian Institutes of Health Research, the Heart and Stroke Foundation of Ontario, and the Population Health Research Institute. Donations were also provided by Roche Diagnostics (in kind) and DuPont Pharma. In Hungary, acenocoumarol was provided by ICN Pharma. None of the corporate sponsors had any role in the design or conduct of the trial, analysis of the data, or preparation of the manuscript.
Patient Eligibility
Men and women who were 35 to 85 years of age and had peripheral arterial disease were eligible for enrollment in the trial. Peripheral arterial disease was defined as atherosclerosis of the arteries of the lower extremities, the carotid arteries, or the subclavian arteries. Atherosclerosis of the lower extremities was defined as intermittent claudication with objective evidence of peripheral arterial disease, ischemic pain at rest, nonhealing ulcers or focal gangrene, previous amputation, arterial revascularization, or the blue toe syndrome. Carotid artery disease was defined as a transient ischemic attack or stroke more than 6 months before enrollment, carotid endarterectomy, or asymptomatic carotid stenosis of more than 50%. Patients were excluded from the study if they had an indication for oral anticoagulant treatment, were actively bleeding or were at high risk for bleeding, had had a stroke within 6 months before enrollment, or required dialysis.
Randomization and Study Medications
Patients who provided written informed consent entered an active run-in phase for 2 to 4 weeks, during which they received both oral anticoagulant therapy and antiplatelet therapy. Acceptable antiplatelet agents included aspirin (recommended dose, 81 to 325 mg per day), ticlopidine, and clopidogrel. Warfarin was used for oral anticoagulation in five countries, and acenocoumarol was used in Poland and Hungary. If a stable INR between 2.0 and 3.0 was achieved during the run-in phase, the patient agreed to continue and adhered to therapy, and no side effects had occurred, a central 24-hour computerized randomization service was used to assign the patient to either the combination of oral anticoagulation and antiplatelet therapy (1080 patients) or antiplatelet therapy alone (1081 patients). A permuted-block randomization stratified according to clinical center was used. All study participants continued taking the antiplatelet agent they were receiving at the time of the active run-in. Dual antiplatelet therapy was not permitted unless the patient had an acute coronary syndrome or placement of a coronary stent during follow-up. a minimum of 2.5 years or a maximum of 3.5 years. Follow-up assessments occurred every 3 months, when information on events, other hospitalizations, and adherence to the assigned treatment regimen was obtained.
Study Outcomes
Two coprimary composite outcomes were defined. Coprimary outcome 1 was myocardial infarction, stroke, or death from cardiovascular causes; coprimary outcome 2 was myocardial infarction, stroke, severe ischemia of the peripheral or coronary arteries leading to urgent intervention, or death from cardiovascular causes. The safety outcomes were life-threatening, moderate, or minor bleeding episodes. All outcomes were determined by the members of a central adjudication committee who used standard definitions and were unaware of treatment allocation. An independent data and safety monitoring board monitored the study regularly; safety data were assessed every 6 months or more frequently, as requested by the data and safety monitoring board.
Death from cardiovascular causes was defined as any death for which there was no clearly documented noncardiovascular cause. Myocardial infarction was defined as the presence of at least two of the following three findings: typical ischemic chest pain; elevation of the level of serum creatine kinase, serum creatine kinase MB fraction, or serum troponin; and diagnostic electrocardiographic changes. Stroke was defined as a new focal neurologic deficit lasting more than 24 hours. Strokes were classified as ischemic or hemorrhagic (including subarachnoid hemorrhage) if a computed tomographic or magnetic resonance imaging scan or an autopsy report was available. All other strokes were classified as of uncertain cause. Severe coronary ischemia was defined as unstable angina with electrocardiographic changes requiring hospitalization and leading to coronary revascularization. Severe peripheral ischemia was defined as ischemia threatening the viability of the limb and leading to thrombolytic therapy, angioplasty, bypass surgery, or amputation.
Bleeding was categorized as life-threatening, moderate, or minor. Life-threatening bleeding was defined as fatal or intracranial bleeding or bleeding requiring surgical intervention or transfusion of a total of at least 4 units of blood or blood products, including fresh-frozen plasma. Moderate bleeding was defined as intraocular hemor-rhage or as bleeding that the treating physician determined required transfusion of 1 to 3 units of blood or blood products. All other bleeding was classified as minor.
Statistical Analysis
The original trial protocol (see the Supplementary Appendix, available with the full text of this article at www.nejm.org) estimated that random assignment of 2400 patients equally to the two treatment groups with a follow-up of 2.5 years would provide more than 80% power to detect an observed risk reduction of 25% in coprimary outcome 1 (estimated event rate in the control group, 13.8%) and more than 90% power to detect risk reduction of 25% in coprimary outcome 2 (estimated event rate in the control group, 24.1%). Both calculations assumed a 15% rate of nonadherence to oral anticoagulation and a 5% rate of use of oral anticoagulation in the control group.
The original power calculation estimated that 2400 patients would be required, but recruitment of patients was slower than expected. Therefore, on September 27, 2002, in order to maintain study power, the steering committee stopped recruitment at 2161 patients and recommended extending the follow-up period from 2.5 years to 3.5 years for the 1396 patients already enrolled in the study.
The primary analysis compared treatment groups with respect to the first occurrence of an event in each of the two coprimary outcomes using a log-rank statistic based on an intention-totreat analysis. Assessment of the treatment effect of adherence to oral anticoagulation was performed by comparing results from centers with good adherence (at least 70% of patients using oral anticoagulation over the course of follow-up) to results from centers with poor adherence (less than 70% of patients using oral anticoagulation over the course of follow-up). 9 Among patients receiving oral anticoagulation, the time in the therapeutic range was calculated by the linear-interpolation method described by Rosendaal et al. 10 All reported P values are two-sided and are not adjusted for multiple testing.
R e sult s
Baseline Characteristics
Between April 2000 and September 2003, a total of 2417 eligible, consenting patients were entered into the run-in phase of the trial (see the Supple-mentary Appendix). Of these, 2161 entered the randomized phase. The most common reasons for not continuing into the randomized phase were patient refusal (115 patients), poor adherence to oral anticoagulant therapy (50 patients), inability to maintain a stable INR (43 patients), and bleeding (23 patients).
The baseline characteristics of the patients participating in the randomized phase of the trial are shown in Table 1 . The mean age was 64 years, and 73.6% were men. Most of the patients (81.8%) had peripheral arterial disease of the lower extremities. At baseline, 98.4% of the patients were receiving some form of antiplatelet therapy.
Follow-up and adherence to treatment
The mean duration of follow-up was 35 months (1043 days). A total of 1073 patients (49.7%) were followed for 2.5 years, and 1088 patients (50.3%) were followed for 3.5 years. Two patients (both in the combination-therapy group) withdrew consent and could not be contacted. Therefore, complete data at the end of the study were available for 2159 of the patients randomly assigned to treatment (99.9%); data on the 2 who withdrew that were obtained up to the time of last contact were also included. In the combination-therapy group, oral anticoagulation was permanently discontinued in 319 patients (29.5%) and antiplatelet therapy was permanently discontinued in 53 (4.9%); in the group receiving only antiplatelet therapy, antiplatelet agents were permanently discontinued in 21 patients (1.9%) and 45 patients (4.2%) began using nonstudy oral anticoagulants (see the Supplementary Appendix). Among patients receiving oral anticoagulation, the mean INR was 2.2; 62.0% of the time, INR values were in the therapeutic range (2.0 to 3.0); 30.8% of the time, they were below 2.0; and 7.2% of the time, they were above 3.0. 10
During follow-up, the use of statins, angiotensin-converting-enzyme inhibitors, and beta-blockers increased moderately while the use of pentoxifylline decreased. Peripheral revascularization was performed in 76 patients (3.5%), limb amputation in 20 (0.9%), and coronary-artery bypass grafting in 25 (1.2%). There were no significant differences in the use of these medications or procedures between the two study groups (see the Supplementary Appendix).
Outcomes
The first coprimary composite end point (myocardial infarction, stroke, or death from cardiovascular causes) occurred in 132 of the 1080 patients in the combination-therapy group (12.2%), as compared with 144 of the 1081 patients in the antiplatelet-therapy group (13.3%) (relative risk, 0.92; 95% confidence interval [CI], 0.73 to 1.16; P = 0.48). The second coprimary composite end point (myocardial infarction, stroke, severe ischemia of the coronary or peripheral arteries, or death from cardiovascular causes) occurred in 172 patients in the combination-therapy group (15.9%) and 188 patients in the antiplatelet-therapy group (17.4%) (relative risk, 0.91; 95% CI, 0.74 to 1.12; P = 0.37). Figure 1 shows the cumulative risks of the two coprimary outcomes for each treatment group. As shown in Table 2 , no significant differences were observed between treatment groups with respect to the primary outcome components of death from cardiovascular causes (6.1% vs. 6.0%; relative risk, 1.04), myocardial infarction (5.0% vs. 6.1%; relative risk, 0.82), stroke (3.5% vs. 3.5%; relative risk, 1.01), and severe ischemia (5.7% vs. 5.5%; relative risk, 1.06).
Adverse Events
Both life-threatening bleeding (4.0% vs. 1.2%; relative risk, 3.41; 95% CI, 1.84 to 6.35; P<0.001) and moderate bleeding (2.9% vs. 1.0%; relative risk, 2.82; 95% CI, 1.43 to 5.58; P = 0.002) were increased in the combination-therapy group as compared with the antiplatelet-therapy group (Table 2). Figure 2 shows the cumulative risk of lifethreatening bleeding in the two groups. There were 14 hemorrhagic strokes (1.3%) in the combination-therapy group and none in the antiplatelet-therapy group (relative risk, 15.2; 95% CI, 2.0 to 115.6; P = 0.001). Minor bleeding was also significantly increased (38.6% vs. 10.6%; relative risk, 3.63; 95% CI, 3.01 to 4.38; P<0.001) After removal of fatal bleeding and hemorrhagic stroke from coprimary outcome 1, the risk of coprimary outcome 1 was 10.8% in the combination-therapy group as compared with 13.2% in the antiplatelettherapy group (relative risk, 0.82; 95% CI, 0.64 to 1.05). The relative risk of coprimary outcome 2 after removal of fatal bleeding and hemorrhagic stroke from the outcome was similar (relative risk, 0.83; 95% CI, 0.67 to 1.03) ( Table 2) .
Prespecified and Exploratory Subgroup Analyses
The treatment effect on both efficacy outcomes, as well as on the incidence of bleeding, was statistically consistent in all subgroup analyses (Fig. 3) . No differential effect on the first coprimary out-come was detected when centers were categorized according to their level of adherence. The relative risk of death from cardiovascular causes, myocardial infarction, or stroke was 0.98 (95% CI, 0.49 to 1.97) for centers with adherence of 70% or greater and 0.91 (95% CI, 0.71 to 1.17) for centers with adherence of less than 70%. 9 In an exploratory subgroup analysis, the treatment effect among all participating countries was compared, and heterogeneity of borderline statistical significance was observed (chi-square = 12.20, P = 0.06). The relative risk of the first coprimary outcome appeared to be increased among patients in China (relative risk, 2.62; 95% CI, 1.25 to 5.47), whereas it was lower in other countries (see the Supplementary Appendix).
Dis cus sion
In the WAVE trial, we compared the efficacy and safety of combination antithrombotic therapy with an antiplatelet agent and an oral anticoagulant (tar-get INR, 2.0 to 3.0) with the efficacy and safety of antiplatelet therapy alone in patients with peripheral arterial disease. We found that combination therapy was not more effective than antiplatelet therapy alone in preventing major cardiovascular complications. Instead, combination therapy was associated with a substantial excess of life-threatening bleeding as well as other bleeding. Antiplatelet agents reduce the incidence of major cardiovascular events in patients with peripheral arterial disease, 3,11 and therefore it was reasonable to consider the possibility that the addition of an anticoagulant (such as warfarin) to an antiplatelet agent would increase this benefit. This hypothesis was further supported by the favorable Panel A shows the cumulative incidence of the first coprimary end point (myocardial infarction, stroke, or death from cardiovascular causes). There was no significant difference in outcome between the group receiving combination therapy with an oral anticoagulant and an antiplatelet agent and the group receiving an antiplatelet agent alone (relative risk, 0.92; 95% CI, 0.73 to 1.16; P = 0.48). Panel B shows the cumulative incidence of the second coprimary end point (myocardial infarction, stroke, severe ischemia of the peripheral or coronary arteries leading to urgent intervention, or death from cardiovascular causes). There was no significant difference in outcome between the two groups (relative risk, 0.91; 95% CI, 0.74 to 1.12; P = 0.37). effects of the combination of moderate-intensity oral anticoagulant therapy and antiplatelet therapy in patients with coronary artery disease. [5] [6] [7] 12 Few randomized trials had tested this hypothesis before our study, and clinical practice was therefore variable. 8, 13 In the WAVE trial, we aimed to maximize adherence to oral anticoagulant therapy and to minimize bleeding. We therefore excluded patients with known risk factors for bleeding, such as longterm use of nonsteroidal antiinflammatory drugs, previous gastrointestinal bleeding, or recent stroke. In addition, the active run-in excluded patients with unstable INR values, minor bleeding, or poor adherence to oral anticoagulant therapy. Despite these efforts, 29.5% of patients discontinued oral anticoagulant therapy during follow-up. This rate is consistent with the adherence levels achieved in other large clinical trials of long-term oral anticoagulation. 4, 14 The INR values of participants assigned to oral anticoagulation were in the therapeutic range (2.0 to 3.0) 62% of the time, demonstrating a level of anticoagulant control similar to that achieved in most trials.
On the basis of previous clinical trials, 14 we expected that the rates of minor, and possibly of moderate, bleeding would be significantly increased in the combination-therapy group. However, we also expected that the benefits of treatment would outweigh the risks. Although the P value was nonsignificant, the lower border of the 95% confidence interval does not totally ex- Coprimary outcome 2 with no fatal bleeding or hemorrhagic stroke clude a 25% relative risk reduction. Our results are consistent with those of the Department of Veterans Affairs Cooperative Study, the only other large, randomized trial comparing a combination of oral anticoagulant and antiplatelet therapy with antiplatelet therapy alone in patients with peripheral arterial disease. 13 Both trials showed no significant reduction in myocardial infarction, stroke, or death from cardiovascular causes, and both showed a significant increase in life-threatening and moderate bleeding. We observed a significant increase in lifethreatening bleeding complications, including fatal bleeding and hemorrhagic stroke, with combination therapy as compared with antiplatelet therapy alone, despite the fact that very few patients had an INR above 3.0. Excluding fatal bleeding and hemorrhagic stroke from the coprimary outcomes results in risk reductions that are more favorable with combination therapy than with antiplatelet therapy alone and suggests that the excess bleeding that occurred in patients receiving combination therapy "neutralized" any benefit of that therapy.
The rates of serious bleeding and hemorrhagic stroke among patients receiving a combination of oral anticoagulant and antiplatelet therapy were higher in the WAVE trial (5.5 of 100 and 0.51 of 100 patient-years, respectively) than in a trial involving patients with coronary artery disease (0.56 of 100 and 0.12 of 100 patient-years, respectively). 6 However, the WAVE results are similar to those of another large trial involving patients with peripheral arterial disease that compared oral anticoagulation (target INR, 3.0 to 4.5) with aspirin; in that trial the rates of serious bleeding and hemorrhagic stroke among patients receiving oral anticoagulant therapy were 4.1 of 100 and 0.61 of 100 patient-years, respectively. 15 Therefore, it appears that patients with peripheral arterial disease who are treated with oral anticoagulation may be more likely to have bleeding complications, including hemorrhagic stroke, than are patients with coronary artery disease. The reason for this difference may be that patients with peripheral arterial disease are older and have more systemic atherosclerosis, including cerebrovascular disease, and more coexisting conditions. 16 Secondary analyses revealed that the efficacy and safety of combination therapy did not differ among several patient subgroups of clinical importance. In an exploratory subgroup analysis according to country, some heterogeneity of the treatment effect was observed. The relative risk of the first coprimary outcome (myocardial infarction, stroke, or death from cardiovascular causes) was increased among patients from China. Since this qualitative interaction was unexpected, the most likely explanation for this finding is chance. However, it has been suggested that the optimal target INR may be lower for Chinese patients than for whites, 17 and the possibility of a differential response to combination therapy among Chinese patients therefore cannot be ruled out.
One potential limitation of the trial was the open-label design, which permitted patients and their physicians to know which study regimen they were receiving. This knowledge could have influenced clinical decisions regarding other medical therapy or procedures. However, no significant differences between the two study groups in interim management were identified (see the Supplementary Appendix). Furthermore, all trial end points were centrally adjudicated by a blinded adjudication committee.
On the basis of the WAVE results, oral anticoagulation combined with antiplatelet therapy is not indicated in patients with peripheral arterial dis- Life-threatening bleeding was defined as fatal or intracranial bleeding or bleeding requiring surgical intervention or transfusion of at least 4 units of blood or blood products. The risk of life-threatening bleeding was significantly greater in the group receiving combination therapy with an oral anticoagulant and an antiplatelet agent than in the group receiving an antiplatelet agent alone (relative risk, 3.41; 95% CI, 1.84 to 6.35; P<0.001). 
Figure 3. Prespecified and Exploratory Subgroup Analyses for Efficacy and Safety End Points.
Panel A shows the results for the first coprimary end point (myocardial infarction, stroke, or death from cardiovascular causes) and Panel B the results for life-threatening or moderate bleeding. The analyses of subgroups categorized according to sex, age, presence or absence of a history of diabetes, use or nonuse of statin drugs, smoking status, and status with respect to previous peripheral arterial bypass surgery (PABS) were prespecified. The analyses of subgroups categorized according to presence or absence of a history of stroke, presence or absence of a history of coronary artery disease, and ankle-brachial index were exploratory. Black squares indicate hazard ratios, with the size of the square proportional to the number of patients in that subgroup. Horizontal lines indicate the 95% confidence intervals for each hazard ratio. Actual event rates for each of the two treatment groups are shown, as are P values for the interaction between the treatment effect and each subgroup variable. ease, since no significant benefit was observed and substantial risk was incurred. According to our data, treating 1000 patients with combination therapy as compared with antiplatelet therapy alone for 3 years would lead to 24 fewer cardiovascular events but 28 more episodes of life-threatening bleeding, resulting in a net increase in serious adverse outcomes. Our findings highlight the need to evaluate alternatives to vitamin K antagonists in patients with peripheral arterial disease. 18 In conclusion, we compared the efficacy and safety of antiplatelet therapy combined with oral anticoagulation (target INR, 2.0 to 3.0) with the efficacy and safety of antiplatelet therapy alone in patients with peripheral arterial disease. We found that combination therapy was not more effective than antiplatelet therapy alone in preventing major cardiovascular complications and was associated with a substantial increase in the risk of lifethreatening bleeding.
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